Objective: To identify the high risk group for developing obesity among a cohort of Saudi diabetic patients. Methods: A cross sectional study on a random sample of known type 2 diabetic patients who were visiting seven primary health care centers in Jeddah, Saudi Arabia was conducted. Participants were categorized according to their Body Mass Index BMI into 4 groups. Prevalence of obesity was correlated to patients' gender, age, smoking, educational level and employment status to identify the significant ones. Results: A total of 723 diabetics were included. Males to females' ratio were almost equal (50.8% and 49.2% respectively). The mean BMI of group was 29.3 ± 6.1. Only (21.9%) of the studied diabetics were in their ideal range of body weight. The remaining was almost equally categorized as overweight or obese. More than one third (38.3%) were obese; among the obese: 22.4% had mild obesity, and 15.9% severe obesity. Percentage of severely obese females were almost triple that of males. The housewives were the least to have normal BMI ratio (15.2%). According to the calculated BMI it is found that being a non-smoker housewife is the significant predicting factor for being obese p < 0.05. Conclusion: Prevention and educational programs should target non-smokers housewives Saudi diabetic patients who are at higher risk for developing obesity.
Introduction
Obesity is a major global public health problem and one of the important risk factors for type 2 diabetes and cardiovascular diseases. During last two decades there has been dramatic increase in obesity rates all over the globe including Saudi Arabia (SA) and adjacent Co-operation Council of the Arab States of the Gulf (GCC) [1] [2] [3] . The changes in prevalence rates of overweight, obesity and other related metabolic diseases, particularly diabetes mellitus DM [4, 5] , were attributed to the major sociocultural and lifestyle [1, 4] changes which accompanied an overall increase of per capita income and recent modernization of Middle Eastern oil countries [6] , the promotion of unhealthy fast foods [7] , the recent changes in Saudi diet both in quantity and quality [4, 7, 8] and increasing rates of physical inactivity which reached rates ranging between 43.3% -99.5% [9] . Reported overall prevalence rates of overweight and obesity in adults in GCC countries were 25% -50% and 13% -50%, respectively [1] . Most of the studies from GCC reported higher prevalence rates of obesity in females [10, 11] , but few tested differences by sex [1] .
This trend of increasing prevalence rates of overweight and obesity was linked to the increasing incidence of type 2 diabetes among the GCC populations [1, 8, 12] . Data accumulated have confirmed that the epidemic of type 2 diabetes is mainly affecting Saudi Arabia SA where the prevalence rate of DM among adults increased from 4% to up to 30% over the last 30 years [1, 12] . Prevalence of overweight and obesity among diabetic patients was also subject of few studies in different provinces of SA [5, 12, 13] . All studies showed significantly higher prevalence rates of both overweight and obesity among diabetics than non-diabetics [5, 13] and relatively higher rates among females' diabetic patients [12] . However, none of the reported studies aimed to define the highest risk group for developing obesity among type 2 diabetic patients.
The current study aimed to identify the high risk group for developing obesity among a cohort of Saudi diabetic patients in Jeddah, SA as a step forward for targeting those patients in future prevention and education programs. city, the second largest city in Saudi Arabia SA over a period of 12 weeks in the year 2009 (20 April-12 July). In Jeddah, there are 40 primary health care PHC centers. A total of 22,000 diabetic patients are registered and regularly visiting these centers. The 40 PHC centers are distributed across the city and categorized into seven geographical sectors. In each sector there are 5 -7 centers. From each sector one center was chosen randomly. The targeted sample was to recruit 70 male and 70 female known diabetic patients-from each center during the study period. A multistage proportionate random selection of 723 diabetic patients from the seven randomly selected PHC centers was pursued; the diabetic patients attending these centers were interviewed (convenient sampling) till completion of the quota assigned proportionately for the selected centers.
All patients enrolled were known type 2 diabetics for at least one year duration who were regularly attending of the assigned PHC center. A pre-designed questionnaire was used to record patients' gender, nationality, age, educational status, working status, smoking history and various treatment regimens for diabetes. Smoking was defined as active smoking of cigarettes and/or "sheeshah" within the last month. Working status was defined as employed i.e. has a current job, unemployed, retired or housewife. Housewife is a woman who is unemployed and taking care of her family fully or partially with assistance of housemaid.
The weight and height was measured for each patient, and the Body Mass Index (BMI) (BMI; body weight (kg)/body height (m)
2 ) was calculated and classified according to the world health organization criteria based on the BMI values [14] except for obese class 2 and 3 which were combined together as severe obesity category. Therefore, patients were categorized into 4 groups: Normal if BMI is less than 25, overweight 25-less than 30, mild obesity 30-less than 35 and severe obesity 35 and more. Prevalence's rates of obesity were correlated to all patients' characteristics including gender, age, educational level, working status, smoking history and various treatments.
This study was conducted according to the guidelines of the Declaration of Helsinki [15] and under the approval of the Bio-Ethics Committee of King Abdulaziz University Hospital. All data were coded and entered in a personal computer. Statistical analysis was performed using Statistical Package for Social Science (SPSS) program, version 16. Quality control was ensured at the stages of coding and data entry. Data were presented using descriptive statistics in the form of frequencies and percentages for qualitative variables, and mean and standard deviation for quantitative variables. Qualitative variables were compared using chi-square test. The level of statistical significance was set at p < 0.05 throughout the study.
Ordinal logistic regression was conducted to examine predictors for obesity among the diabetic patients, where the ordered categorical BMI categories were set as outcome and both smoking status and employment in addition to gender were assigned as explanatory variables. The test of parallelism was performed to judge the model adequacy. Provided that the null hypothesis for the test states that the corresponding regression coefficients are equal across all levels of the outcome variable, the alternative hypothesis states that the corresponding regression coefficients are different across all levels of the outcome variable [16] . The chi-square test result (X 2 = 167.693 with d.f. of 12, and p = 0.129) indicated that there was no significant difference for the corresponding regression coefficients across the response categories, suggesting that the model assumption of parallel lines was not violated in the complete model.
Results
A total of 747 known diabetics were studied. The great majority of the group was Saudis (91.7%), and there was an almost equal distribution in the study group of both genders. Only 10.9% completed their studies at university level and/or had a postgraduate degree ( Table 1) . About one third of the group 32.6% was illiterate. Only 37.8% were employed, 21.0% active smokers and 42.7% were housewives.
Their mean age group was 52.7 ± 11.9 years and more than half of the patients (59.2%) were in the age groups 40 ≤ 60 years. The mean duration of diabetes was 8.5 ± 6.3 years. Most (72.7%) of them were using oral hypoglycemic drugs, 22.7% were using insulin either alone or with oral hypoglycemic drugs and only few (4.7%) were on diet only.
The mean BMI of the studied group was 29.3 ± 6.1. Only (21.9%) of the diabetics could be categorized as being within normal range. The remaining was almost equally categorized as overweight or obese. More than one third (38.3%) were obese; 22.4% had mild obesity, and 15.9% severe obesity (Figure 1) . Percentage of severely obese females were almost triple that of males. The housewives were the least to have normal BMI ratio (15.2%) ( Table 2) .
Only 14.9% of the female patients had normal BMI compared to 28.6% of males, meanwhile it was noticed that the percentage of females who were categorized as being obese grade I (30.1%) was double what was recorded in males (15.0%) and much higher ratio was remarked for the obesity grade II, where the percentage was almost tripled among females (24.7%) when compared to males (7.4%) and these observed differences are statistically significant p < 0.001, ( Table 2) . It was noticed that the percentage of patients who can be consid- ered to have normal BMI was decreasing steadily towards older age groups till the seventh decade of life where the percentage inversed. Generally, the normal BMI ratio ranged between 35.7% among those aged < 30 years and 19.2% among those in the age group (50 ≤ 60 years). However, these differences were not statistically significant p > 0.05. The housewives were the least to have normal BMI ratio (15.2%) specially when they are compared to those who were employed (27.1%) or those who were unemployed (43.9%), and these differences were statistically significant p < 0.001. Table 2 also shows that there is no significant difference of BMI ratio among the study group according to their education level p > 0.05. The majority of females were non-smokers (90.5%) compared to (50.7%) of males and this difference was statistically significant p < 0.05. Meanwhile, it was found the non-smokers were the least to have normal BMI ratio (18.2%) when compared to the smokers (29.7%) and ex-smokers (37.7%) and this difference was statistically significant, ( Table 2) .
When ordinal logistic regression was conducted to examine predictors for obesity among the studied diabetic patients, it is found that being a non-smoker housewife is the significant predicting factor for being obese among the studied diabetic patients p < 0.05, (Table 3). The various treatment regimens did not correlate to the BMI of the studied sample ( Table 4 ).
Discussion
According to the International Diabetes Federation IDF's estimates, SA is ranked with the 6th highest prevalence of DM worldwide, and is expected to hold this position for the next 20 years, with a prevalence rate of 20.0% among 20 -79-year-old adults [17] . Other countries ranked in the top ten include Kuwait (21.1%), Lebanon (20.2%), Bahrain (19.9%) and the United Arab Emirates (19.2%) [17] . Much higher prevalence rates of DM in SA were quoted in various published studies [1, 5, 12, 18, 19] . Ten years ago, Al-Nozha et al. [19] conducted a welldesigned national survey and reported a prevalence rate of 23.7% in adult Saudis aged > 30 years (26.2% in males versus 21.5% in females). Higher prevalence rates of DM were reported recently in females more than males below 50 years old; 34.1% and 25.1% respectively [12] . The differences among studies can be attributed to the different research methodologies used by researchers. The current study was limited to only known type 2 diabetic patients which is the commonest type of DM and associ-ated high BMI [18, 19] .
Type 2 DM was already linked to the steady increase in the overweight and obesity rates globally [2, 3] particularly in Eastern Mediterranean and GCC regions [1, 5, 12, 20] . Obesity is a known modifiable risk factor for type 2 DM [5, 20] . Prevention and control of obesity in the general population and among diabetics may lead to reduction in the increasing prevalence rates of DM and its complications rates in these countries [12, 20] . In the current study, only (21.9%) of the studied diabetics were in their ideal range of body weight. This high prevalence rate of obesity among diabetics in western SA is similar to what has been reported from Eastern SA [13] and central SA [12] . The objective of this work is to identify the predictors for developing obesity among diabetics aiming to target those at higher risk in future educational and nutritional program. According to the predictors studied, being a non-smoker housewife is the significant predicting factor for being obese among the studied diabetic patients. The latter predictors i.e. female, married and housewife were already been addressed in the literature as isolated predictors. The high prevalence of obesity rather than overweight in diabetic females was already been reported in few studies conducted on various groups of patients [4, 5, 12, 13] . The current results support the findings of similar previous studies which reported higher prevalence rate of obesity in diabetic women [5, 12, 13 ]. Very few studies tested the differences between males and females. In a Saudi national survey, more women than men were obese, 23.6% compared to 14.2%. In contrast, prevalence of overweight was 30.7% for males and 28.4% for females [4] . Current results also indicate that diabetic housewives who are k unemployed and largely inactive are more likely to develop obesity. These findings among female diabetic patients are similar to that reported in non-diabetic Saudis which reported high prevalence rates of obesity among healthy, married, middle aged, multiparous housewives living in rural areas [10, 11] . The prevalence of smoking in the studied sample is 21% which is double the rate reported on a similar group of patients from Riyadh 11% [21] . In the studied sample, it is found that being a non-smoker diabetic is the third predictor for being an obese diabetic. This finding is really interesting but difficult to be explained. The association between smoking and type 2 DM was reviewed in a recent prospective Finnish study on non-diabetics and researchers identified smoking as a risk factor for type 2 diabetes independently of BMI and physical activity [22] . So, quitting smoking decreases the risk of type 2 diabetes to close to those in non-smokers and will result in other health benefits, too [22] . On the other hand, Korean researchers concluded that smoking frequency and cigarette consumption had positive effects with regard to weight loss in adolescents. However, smoking has negative side effects on general health, including an increase in abdominal fat and morbidity rates of obesity-related diseases [23] . This dilemma needs further investigations in view of the scanty literature on these contradicting effects of smoking in diabetic patients.
In the meantime, non-smokers housewives should be considered as the high risk group of developing obesity among diabetic patients and should be targeted by future educational and prevention program. Their healthy habit of non-smoking should be certainly encouraged. However, these non-smokers' housewives should be aware that they are at higher risk for developing obesity and should therefore be more cautious of their food intake and perform more physical activities inside and outside their houses which may be quite difficult in hot conservative countries such as SA and adjacent GCC countries.
In conclusion, prevention and educational program should identify and target those diabetic patients who are at higher risk of developing obesity. In the current study, this group was defined as non-smokers diabetic housewives. Further research is needed to explore the effects of smoking on obese diabetic patients.
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